This research aimed to determine the best land and water management by arrangement of plant spacing, irrigation, and drainage of rubber plantation in order to improve rubber plantation productivity. This research was done using The WaNuLCAS (Water, Nutrient and Light Capture in Agroforestry System) model to determine the best land and water management under several scenario combinations of two factors. The first factor was rubber plant spacing arrangement system, which consisted of three levels, i.e. single row (3 x 7 m), single row (3 x 6 m) and double row (2 x 6 x 14 m). The second factor was water management treatment, which consisted of four levels, i.e. without irrigation and drainage, irrigation in dry season, drainage in wet season, and irrigation and drainage in dry and wet season respectively. The results showed that drainage treatment could enhance rubber plantation productivity. Moreover, rubber plantations which were using single row (3 x 7 m), single row (3 x 6 m) and double row (2 x 6 x 14 m) had no significant difference on latex production per hectare.
INTRODUCTION
Natural rubberis a source of foreign exchange for Indonesia (US$ 2.96 billion in 2010) (FAO, 2013) . Besides that, it provides income to over 11 million people in Indonesia, especially in Sumatra and Kalimantan (Rubber Research Centre, 2008 ). Indonesia's natural rubber production is about 3.08 million t year -1 (FAO, 2013) . Therefore, Indonesia is the second biggest natural rubber producer in the world after Thailand.
Rubber tree has been traditionally cultivated in area with tropical climate especially humid zones and in area with tropical and monsoonal climates as the favorable area for the growth of this tree (Rao and Vijayakumar, 1992; Rao et al., 1998) .The favorable climatic conditions for rubber tree growth are a place with: (1) minimum rainfall rate of 2,000 mm year -1 and distributed evenly along the year with 125 to 150 rainy days year -1 ; (2) maximum and minimum temperature is about 29 to 34 o C and 20 o C or more respectively with monthly average is about 25 to 28 o C; (3) humidity is about 80%, and (4) sun shine is about 2,000 hours year -1 and the daily duration is 6 hours (Webster and Baulkwill, 1989; Vijayakumar et al., 2000) .
Generally, rubber tree achieves optimum yields when the agroclimate condition has no high fluctuation round the year. Previous study showed that variability of rainfall, relative humidity, temperature, and sunshine were the main reasons why rubber yield fluctuated (Jacob et al., 1989; Rao and Vijayakumar, 1992; . Rubber production can be higher if adequate rainfall is distributed evenly round the year (Raoet al., 1993; Rao et al., 1998) . For example, an unusual drought in South India decreased yield about 36-61% compared to the normal wet season yield . This indicates that rubber trees need irrigation particularly in the dry season when the rainfall is not evenly distributed.
In Indonesia, due to the occurrence of dry season, rainfall is not evenly distributed throughout the year. Therefore, rubber yield fluctuated during a year in Indonesia. It has been indicated that water should be available between permanent wilting point and field capacity, otherwise drought would resulted in plant stress (Larcher, 2001; Ayutthaya, 2010) . Furthermore, intensity and duration of drought stress caused regional variation in annual rubber yields (Rao, 1993; Rao et al., 1993; Rao et al., 1998) . In addition, drought stress happens when the soil water availability decreases under the thresholds that suppress transpiration and growth (Breda et al., 2006; Ayutthaya, 2010) . Girth and biomass of irrigated rubber tree was significantly higher than the girth and biomass of rubber tree without irrigation (Vijayakumar et al., 1998) . Moreover, irrigation in dry season of rubber tree plantations around equator could reduce immature period by 6 to 12 months (Jessy et al., 1994; Mak, 2006) . Furthermore, irrigation at 50% of crop evapotranspiration (ETc) could reduce immature period of rubber planted in non-traditional area from 10 to 6 years (Vijayakumar et al., 1998) .
Rubber tree achieves optimal growth if the rainfall is about 125 mm month -1 round the year (Rao and Vijayakumar, 1992; Vijayakumar et al., 1998) . On the other hand, rainfall intensity in wet season in Indonesia reaches more than 200 mm month -1 . This amount is enough and even exceeds the requirement of rubber tree to achieve optimal growth and yield. In order to improve the growth and yield of rubber tree, the excess water from rainfall should be drained. Besides that, rubber plant spacing is also should be arranged in order to manage the optimum plant utilization of water, nutrient and light, so the optimum growth and yield of rubber tree can be achieved. To achieve the optimal result of this arrangement, evaluation of several scenarios should be conducted. This evaluation can ideally be performed by conducting the intercropping system trials in the experimental field, but these trials would be time consuming and costprohibitive. The alternative ways of performing this evaluation is by using a model. Simulation of water balance, nutrient and light capture can be conducted by using WaNuLCAS model.
WaNuLCAS is a simulation model that can explain the interaction between tree and/or crop in the agroforestry system and the usage of water, nitrogen and light environment (van Noordwijk and Lusiana, 1999 ). The WaNuLCAS model was developed to evaluate the interaction between soil, tree and crop in an agroforestry system where trees and crops overlap in space and/or time (World Agroforestry Centre, 2012) .
The model is able to simulate a time analysis of plant/tree interactions and their usage of the resource (water, nutrients and light). Additional information about the utilization of resources by the trees and crops and yield data can be received if soil character is provided. The nutrient requirement is determined by the model from empirical relationships of nutrient uptake and dry matter production (van Noordwijk et al., 2004; Michalczyk, 2008) .
Besides WaNulCAS, other models are also available to simulate intercropping system, for example HyPAR, STICS-CA and Always. HyPAR simulation is based on the interception of light and usage of water, availability of light and water under crop canopy, annual tree biomass increment, water and nutrients uptake competition between the roots of trees and crops and tree photosynthetic daily allocation (Dupraz, 2002) . Whereas for STICS-CA, the simulation scene is divided simply in two areas: under and outside the vertical projection of the canopy of the dominant species. Simple allometry functions are used to formulate dominant canopy expands. Leaf water interception and stem flow are used for water budget calculation (Dupraz, 2002) . In addition, in Always model, the main five components of a silvopastoral system (the tree, the animal, the soil, the sward and the microclimate) are linked to the biophysical simulations of the processes. In this model there is no integrated soil tillage, leaf area, root length and rotation variations from zero to a maximal value linked to the processes (Dupraz, 2002) .
In this research, WaNuLCAS model was used due to the ability of the WaNuLCAS model to simulate interaction between trees and crops in an agroforestry system. Generally, this research aimed to determine the best land and water management by arrangement of plant spacing, irrigation, and drainage of rubber plantation in Banyuasin, South Sumatra, Indonesia.
MATERIALS AND METHODS
The study area was in Sembawa Village, Banyuasin District, South Sumatra Province, Indonesia. Geographically, it is located arround 03 o 55.684' S and 104 o 32.382' E at an elevation of 10 m above sea level.
This research was done using WaNuLCAS model to determine the effect of rubber tree spacing and water management on the growth and yield of rubber tree. Simulation of the model was started from the beginning until the end of rubber tree life span (27 years).
WaNuLCAS model requires some input like weather (rain, evaporation, soil temperature), soil (soil layer depth, nutrient content, bulk density, texture, organic matter, pH and cation exchange capacity), field management (plant age and nutrient management), tree and crop data. In this research, WaNuLCAS model set up had been done based on Sembawa Research Center Experimental Field weather, soil, management, tree and crop data ( Figure 1 ).
The weather data was taken from Sembawa climate station consist of daily precipitation, soil temperature and class A pan evaporation from year 1985 to year 2011. In addition soil characteristic data (soil layer depth, nutrient content, bulk density, texture, organic matter, pH and cation exchange capacity) of each layer were collected from secondary data of a field site available in Sembawa Research Centre (Khasanah et al., 2008) (Table 1) .
Management data consisted of planting date (age of the tree) and nutrient management (fertilizer rate applied to the rubber tree). These data were collected from the field management office of Sembawa Research Centre. Furthermore, rubber tree characteristic data were taken from 'crop and tree library' available in WaNuLCAS model.
In addition data on the growth and yield of rubber tree were needed for calibration and validation. Data on the growth (stem diameter) was obtained from literature that recorded stem diameter data from rubber tree at the age of 6 to 17 years old (Rosyid et al., 1997) . In addition, rubber tree stem diameter data at the age of 27 years was observed directly from the field. (Rubber Research Centre, 2011) . The rubber tree growth data consist of stem diameter data at the age of 6, 7, 8, 9, 10, 11, 15, 16, 17, 27 years. Whether the yield data consist of latex yield at the age of 7 until 24 years of rubber tree.
Calibration was conducted by some adjustments on parameters inside tree and crops library. This calibration was conducted to adjust the output value is near to the observed data. Validation also conducted to test whether that the output of the model is fair or not. In this research, some parameters such as stem diameter and latex yield were calibrated and validated. The methods used in the calibration and validation were Pearson correlation coefficient, the goodness of match (GOM) (Lippe et al., 2007; Michalczyk, 2008) and root mean square error (Loague and Green, 1991; Khasanah et al., 2008) . The Pearson correlation coefficient and the goodness of match describe how well the compared values fit together and how strong they were correlated each other. Whereas the root mean square error describes how much is the deviation between compared data. The formula is given as follows: 
RESULTS AND DISCUSSION
The results of calibration and validation of rubber tree stem diameter and latex yield parameters using Pearson correlation coefficient (r), goodness-of-match (GOM) methods (Lippe et al., 2007) and root mean square error (RMSE) (Loague and Green, 1991; Khasanah et al., 2008) (Table 2) . Table 2 shows that the r and GOM values rubber tree girth and latex yield parameters were more than 0.95. It mean that the predicted value was fit with observed value and both of them were strongly correlated. RMSE values in the rubber tree girth and latex yield calibration show how big is the deviation of the predicted value compared to observed value. It shows that the model error was very small. In this research, validation activities were also done to ensure that WaNuLCAS model setup is valid to run the simulations (Table3). Table 3 shows that the Pearson correlation coefficient (r) and goodness of match (GOM) of stem girth is close to 1 (more than 0.95). It means that the observed and predicted values in this parameter was strongly correlated each other. Table 3 also shows that r value for latex yield is only 0.83. This condition was caused by the fluctuations of latex yields in some years that were unpredicted by the model. The fluctuations of latex yields were caused by the usage of latex stimulant and tapping panel movement from downward to upward tapping panel when the downward bark finish. Overall, these calibration and validation results show that the simulation result of different scenarios is reliable in the actual field.
From the simulation of combination of several scenarios, some output parameters were produced. First parameter that has been produced is rubber tree girth (Table 4) . Table 4 presents that drained rubber tree fields resulted higher girth than rubber tree in the field without drainage system. Furthermore, in the field without drainage system, double row plant spacing arrangement scenario also produced higher girths than base case and single row plant spacing arrangement. This condition could happen because water logging phenomenon usually happened in the peak of wet periods (December -February) in this area.
Under double row plant spacing arrangement system, there were some nearby plants in the rows, using only two meters plant spacing. The nearby plant spacing makes the density of the roots was very high.Most crop models assume that water absorption of a plant has a high correlation to the root length density (Rowse et al., 1978; Belmans et al., 1979; Lascano and van Bavel, 1984; Barataud et al., 1995) ; Radersma and Ong, 2004) . This relationship is used in WaNuLCAS (van Noordwijk and Lusiana, 2000; Radersma and Ong, 2004) . Therefore, the densely roots impact the root system ability to absorb enormous water from the root zone especially in the nearby plant spacing rows. Therefore, the amount of water under the soil was not too much (no water logging), so the soil air circulation will be maintained in an optimal condition. Consequently, optimum root respiration will be achieved and retardation of root growth will be avoided. Due to this condition, nutrient uptake was optimum, thus rubber tree growth rate will be optimum also. Finally, if the field is not drained, double row plant spacing arrangement system resulted bigger girth than other plant spacing arrangement.
In contrast, in the single row plant spacing arrangement system, the density of root system were not as high as in the double row plant spacing arrangement system. Thus, water absorption by root system was lower than in the double row plant spacing arrangement system. This arrangement will avoid a high competition for rubber tree to absorb nutrition and water from the soil, but the capacity of root system water suction per square meter in the rubber row was less than in the double row plant spacing arrangement system. Therefore, if the availability of water under the soil was too much and not drained, water logging could happen in the single row plant spacing arrangement system. In the water logging condition, oxygen diffusion was limited, therefore most plants were suffered from oxygen lack (Bartholomeus et al., 2008) . In addition, the rate of gaseous diffusion in the soil under water logging condition was about 100 times lower than gaseous diffusion in the air (Kennedy et al., 1992; Zaidi et al., 2004) . Thus, the rubber tree girths under single row plant spacing arrangement systems were smaller than rubber tree girths under double row plant spacing arrangement system.
Water logging condition did not happen when drainage treatment was conducted. Rubber fields which were treated by drainage system, both single and double row plant spacing arrangement system reached girth 16 and 18% higher respectively than rubber field which were not treated by drainage system, as presented in Table 4 . The superior growth of rubber trees which were treated by drainage scenario was achieved because drainage system avoids water logging condition in the root zone. Thus the optimum ability of root system on the extraction of water from the soil could be achieved.
Overall, the growth of rubber tree stem diameter from the age 0 until 27 years for three water management scenarios are presented in show that under single row plant spacing arrangement system, the higher girth was achieved by rubber trees which were treated by drainage system in the wet periods. This condition indicated that the negative effect of dry periods were not as bad as wet periods. In the wet periods, the water infiltrated into soil layers was excessively and affect water logging effect in the soil. Thus drainage activity leads the excessive water in the soil layer was disposed and water logging was avoided. Therefore, by drainage treatment, optimum growth rate of rubber tree could be achieved. Moreover, Figure  2 , Figure 3 , Figure 4 and Figure 5 show that when rubber trees were young (0 -4 years old), rubber field with single row plant spacing arrangement system had a better growth than double row plant spacing arrangement system. After four years, under double row plant spacing arrangement system, rubber tree girth was gradually higher than single row plant spacing arrangement system. It happened because in the young stage (immature rubber period), when the root system still on above water table, rubber trees which were planted under single row plant spacing arrangement system had lower root density. Therefore, they had lower nutrient uptake competition than rubber trees which were planted under double row plant spacing arrangement system. Similar to rubber tree girth, the rubber yield parameter simulation output also shows that drainage treatment could produce higher latex production than scenario without drainage system as presented in Table 5 . Table 5 presents that for all field treated by drainage system, latex production per hectare of single row plant spacing arrangement system (3 x 6 m) was not significantly different from double row plant spacing arrangement system and single row (3 x 7 m) respectively. This condition happened due to single row plant spacing arrangement system (3 x 6 m) consist of 555 trees ha -1 , 55 and 79 trees denser than double row (2 x 6 x 14 m) and single row (3 x 7 m) plant spacing arrangement system. Table 5 also presents that all plant spacing arrangement system which were drained produced higher latex production compared to all scenarios without drainage system. Latex production of drained rubber tree field rose 66, 70, and 69% respectively for single row (3 x 7 m), single row (3 x 6 m) and double row plant spacing arrangement system compared to single row (3 x 7 m) without drainage system. Moreover, for double row plant spacing arrangement without drainage system, latex production were not significantly different from single row (3 x 7 m) without drainage system. This fact indicates that double row plant spacing arrangement system was not significantly brought a better condition for root system than in single row plant spacing arrangement system under a water logging problem. Therefore, it can be concluded that drainage system is needed to avoid water logging problem in this area, so rubber tree growth and yield can be increased. 
CONCLUSIONS AND SUGGESTIONS
From this research, it can be concluded that drainage system is the best water management option to enhance rubber plantation productivity. The productivity could increase 65, 70 and 39% for single row (3 x 7 m), single row (3 x 6 m) and double row (2 x 6 x 14 m) respectively if drainage was applied. Moreover, rubber plantations which were using single row (3 x 7 m), single row (3 x 6 m) and double row (2 x 6 x 14 m) rubber plant spacing arrangement system had no significant difference on latex production per hectare.
Based on the result of this research, it can be recommended that in the water logging area, drainage system for rubber plantation should be held to enhance the productivity of rubber plantation. Furthermore, if the cost of drainage system development is too high, it is better to plant the other kind of trees that more tolerant to water logging condition to prevent failure risk because of water stress.
